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Introduction
"We firmly believe that deterrence is perhaps the single most important ultimate outcome of the Division's work … [but] … we have not attempted to value either the "spillover" effects or the deterrent effects of our successful enforcement efforts, though we and those who have written on the subject believe that such effects exist and are significant" (Antitrust Division, U.S. Department of Justice, in Nelson and Sun 2001, 939-940) .
As the above quotation indicates, merger policy entails not only direct regulatory effects but also indirect deterrence effects, as effective policy puts a premium on firms internalizing antitrust rules in their decision making. Merger policy should then create incentives that shape the behavior of both firms found -and not found -in violation of these rules, as no policy can be effective if its every application has to be policed (Wilks 1996; Baker 2003) . Accordingly, the effects of merger policy are not limited to the specific firms targeted by an antitrust investigation, but include all firms whose behavior and performance would be affected in the future by specific decisions. Joskow (2002, 99-100) takes the next step by noting "that the test of a good legal rule is not primarily whether it leads to the correct decision in a particular case, but rather whether it does a good job deterring anticompetitive behavior".
Yet, measuring the deterrence effects of merger policy has proven to be quite challenging. A number of scholars (e.g., Allen 1984; Eckbo 1989; Nelson and Sun 2001; Crandall and Winston 2003) have pointed out the difficulties involved with eliciting deterrence effects -including the challenge of identifying counterfactuals (e.g., mergers not proposed or not proposed in a certain fashion due to the existence of antitrust). For instance, the U.S.
Department of Justice (DOJ) and U.S. Federal Trade Commission (FTC) have not factored any beneficial deterrence effects resulting from merger policy as they have been unable to approach measurement (Nelson and Sun 2001) . This measurement omission is all the more striking when one considers that the two antitrust agencies firmly believe the deterrence of anti-competitive merger filings to be considerable (see the introductory quote above); and moreover, the agencies are required by the 'Government Performance and Results Act' (GPRA) to estimate the consumer savings derived from antitrust policies.
Despite the importance of this subject, we are unaware of any scholarship attempting to measure merger policy deterrence while employing the dominant deterrence methodology from the crime-and-punishment literature spawned by Becker (1968) . Such an omission is all the greater in that the conditional probabilities methodology from the economics of crime literature rests on strong theoretical foundations (Becker 1968; Ehrlich 1973) , has been subject to a great deal of scholarship (see Cameron 1988 Cameron , 1994 Grogger 1990; Cloninger and Marchesini 2006 for reviews), and has elicited a healthy amount -particularly with regard to capital punishment and the deterrence of homicides -of criticism (e.g., Passel and Taylor 1977; Klevorick, 1995; Berk 2005; Donohue and Wolfers 2005) . Accordingly, the methodological framework from the economics of crime literature provides a sound means to factor changes in the tenor of U.S. merger policy that allows for more specific analysis of merger policy instruments by moving beyond the before/after and having/not-having comparisons indicative of previous work on merger policy deterrence. In particular, the conditional probabilities of detection, conviction and punishment (as well as severity of punishment) from the economics of crime literature lend themselves well to the realm of merger policy with its somewhat equivalent conditional probabilities of eliciting investigations, challenges, prohibitions, court-wins, and court-losses. 1 We employ the conditional probabilities approach from the economics of crime literature to investigate whether different merger policy instruments (investigations, remedies, prohibitions and court-cases) entail deterrence effects with regard to the composition of proposed merger activity in U.S. industrial sectors. In particular, we combine the conditional probabilities approach with two previously employed methodological means for measuring deterrence: 1) considering changes in the composition -horizontals versus non-horizontals -of proposed merger activity (Stigler, 1966; Scherer, 1980; Allen, 1984) ; 2) discerning departures from the merger wave as a manifestation of deterrence (Seldeslachts et al. 2009 ).
2 Empirically, we use two-digit industrial sector data reported by the DOJ and FTC for the 1986-1999 period, and employ panel-data techniques in order to infer whether our deterrence variables lead to relatively fewer horizontal mergers in subsequent years.
Our results suggest that increasing the challenge-rate (i.e., the conditional probability of eliciting an antitrust action -a remedy or prohibition -with respect to eliciting an investigation) involves significant and robust deterrence of future horizontal merger activity.
Furthermore, increasing the investigation-rate (i.e., the probability of eliciting a secondrequest-investigation) and lowering the court-loss-rate (i.e., the probability that DOJ/FTC lose a court case) somewhat deter future merger activity. The results also indicate that increasing the severity of the antitrust action (i.e., the conditional probability of eliciting a prohibition with respect to eliciting an antitrust action) does not involve significant deterrence effects; in other words, prohibitions -while involving deterrence -do not generate any additional deterrence above and beyond remedies. Finally, increasing the court-win-rate (i.e., the probability that DOJ/FTC win a court case) also does not involve significant deterrence.
In order to support our analysis, the structure of the paper is as follows. To point out the methodological practices upon which we either build or improve upon in our empirical analysis, section 2 reviews the literature on merger policy deterrence while section 3 reviews the economics of crime literature. Section 4 describes our industrial sector data on merger policy and M&A activity. Section 5 discusses issues and techniques with regard to our dynamic panel data estimation. Section 6 presents empirical results. Section 7 concludes.
Merger Policy Deterrence
The pre-existing literature on merger policy deterrence involves four particular properties that we draw and build upon with our empirical approach. In particular, when we elicit U.S. merger policy deterrence effects, we (1) improve upon the broad level-of-analysis employed by previous work by moving the analysis to the industrial sector level; (2) move beyond the customary before/after and having/not-having comparisons and make some inferences with regard to the deterrence effects of particular merger policy instruments; (3) test for both composition-based deterrence (the ratio of horizontal mergers to total mergers) and frequencybased deterrence (the number of horizontal and non-horizontal mergers); and (4) control for common drivers of merger waves to help ensure robust causal inferences.
First, one characteristic of the scant literature on merger policy deterrence is the relatively broad level of analysis employed in most studies. For instance, Eckbo (1992) compares the U.S. and Canadian merger populations (during a period lacking Canadian antitrust enforcement) to gather whether the stock-prices of U.S. non-merging (rival) firms are significantly less than those in Canada. He finds the rivals of Canadian mergers to have abnormal returns no greater than those of U.S. mergers, thus suggesting a lack of deterrence as Canadian mergers were no more anti-competitive than U.S. mergers. Stigler (1966) also looked for a change in the general composition of U.S. merger activity in the years following the 1950
anti-merger amendment to the Clayton Act; in particular, Stigler finds a trend away from horizontal merger activity. We attempt to improve upon this previous work in merger policy deterrence by considering deterrence effects at the industrial sector level-of-analysis.
Second, the broad level of analysis employed in previous work also lent itself to empirical studies making broad comparisons. For instance, Eckbo and Wier (1985) make use of the period prior to and after the onset of the U.S. Hart-Scott-Rodino (HSR) Act to gather whether that statute led to fewer anti-competitive mergers. Such results naturally generate implications for whether merger policy in general -or a particular shift in a policy regimeyields more or less deterrence; yet, targeted implications regarding the effectiveness of different merger policy instruments are challenging with such a set-up. Only the recent Seldeslachts et al. (2009) study considers the effectiveness of different merger policy tools with respect to deterring future mergers. Yet that study suffers from a broad nationwide level-ofanalysis; e.g., the impact of a spike in a nation's annual antitrust activity is considered on the overall number of national mergers in subsequent years. Accordingly, we will consider the impact of merger policy tools on future merger proclivities, but be able to do so at a more narrow level-of-analysis. Hence, we will tie the use of these different merger policy tools to future merger behavior in the particular industrial sector.
Third, the previous literature indicates two principal forms via which merger deterrence potentially manifests: (1) frequency-based deterrence, as merger plans are forsaken due to the existence (or enhancement) of antitrust; (2) composition-based deterrence, as future mergers are modified and shaped differently to conform with antitrust regulations (Aaronson, 1992) .
Beginning with Stigler (1966) , a few researchers (Scherer 1980; Allen 1984) have considered the composition of proposed mergers (horizontal with respect to total mergers) to gather whether antitrust laws or administration changes yield deterrence in the form of altered merger types. The Eckbo (1992) and Eckbo and Wier (1985) approach is also firmly grounded in composition-based deterrence, as larger abnormal-returns for rival firms indicate more marketpower based merger activity. On the other hand, the Seldeslachts et al. (2009) study is firmly rooted in frequency-based deterrence, as they consider the impact of spikes in antitrust actions on the future level of merger notifications. We initially follow the Stigler approach and consider the ratio of horizontal mergers to total mergers in an industrial sector while keeping in mind that the population of anti-competitive mergers resides within horizontal mergers-at least in the eyes of the DOJ and FTC. 3 In addition to the Stigler approach, we go beyond strictly considering composition effects to also consider the frequencies of horizontal and nonhorizontal mergers in order to ensure that it is the deterrence of horizontals -and not the encouragement of non-horizontals -that is behind any measurable deterrence.
Fourth, despite the fact that mergers have long been realized to manifest in waves (Gort 1969; Golbe and White 1993) merger notifications from the merger wave. Our industrial sectors will also be subject to merger waves, accordingly we will control for common drivers of merger activity from the recent finance economics literature. In addition, we will employ fixed period effects and dynamic panel data models in order to fully control for waves as we also capture deterrence by the departure of merger activity from the merger wave.
Economics of Crime
Our empirical approach to eliciting the deterrence effects of U.S. merger policy instruments draws and improves upon the following properties from the economics of crime literature.
First, invoking that literature yields a more theoretically consistent empirical set-up by focusing on the relevant conditional probabilities. Second, the extensive empirical literature on crimeand-punishment deterrence yields a number of best empirical practices; i.e., the need to consider the inter-connectedness of data observations over time. There, we can use the current state-of-the-art deterrence practice to cluster standard errors, but also improve upon that practice by employing dynamic panel data models and introducing control constructs that drive merger waves. Third, we will employ instrumental variable techniques using the GMM System estimator to deal not only with clear endogeneity in the lagged dependent variables, but also potential endogeneity in the deterrence and merger-wave variables.
First, Becker (1968) and Ehrlich's (1973) seminal work on the economics of crime generated an extensive amount of empirical literature employing a choice-theoretic framework.
While some variations in the design exist, most subsequent empirical pieces have crime depending upon the following conditional probabilities (i.e., deterrence variables): detections over the number of crimes, convictions over the number of detections, punishments over the number of convictions, and then the severity of the punishment (e.g., Dezhbakhsh, Rubin and Shepherd 2003; Katz, Levitt and Shustorovich 2003; Mocan and Gittings 2003; Zimmerman 2004 ). This set-up derives from theory as the deterrence variables capture the relevant subjective probabilities that offenders are detected, convicted, and punished -as well as the severity of the punishment. In short, a crime supply equation is formulated as the deterrence variables play the role of prices with lower prices signaling a greater net relative gain from engaging in offences. We can formulate a somewhat similar equation for the provision of horizontal mergers employing conditional probabilities that conform with this dominant empirical approach to deterrence. Given that anti-competitive mergers are a subset of the number of proposed horizontal mergers and that U.S. antitrust actions almost exclusively target horizontal mergers, we formulate five deterrence variables that capture the relevant conditional probabilities. Accordingly, this yields a more theoretically consistent approach to measuring changes in the tenor of merger policy than the various ad-hoc means previously employed.
Second, an additional benefit of invoking the extensive literature on crime-andpunishment is the wealth of scholarship on the appropriate econometric practices with respect to measuring deterrence, as this can provide an informed basis upon which to structure our study. For one, Donohue and Wolfers (2005) point out that it is standard practice in the deterrence literature to cluster standard errors by the relevant panel grouping. Thus, there seems to be some implicit understanding in the literature that periods are inter-connected (e.g., Zimmerman 2009 ). Related to the previously noted wave-like properties of merger activity, we are particularly conscious of the underlying dynamics and the potential for serial correlation.
Beyond simply clustering standard errors, however, we will address this concern more directly by including common drivers of merger waves and by using a dynamic panel data framework.
While including lagged dependent variables controls for auto-regressive processes and helps ameliorate autocorrelation concerns, dynamic panel data models lead to biased and inconsistent estimates due to the obvious correlation of the lagged dependent variable(s) with the error term.
Accordingly, we employ Arellano and Bover's (1995) system generalized method of moments (System GMM) estimator for dynamic panel data. GMM instruments for lagged dependent variables -as well as all other potentially endogenous variables -and yields unbiased and consistent estimators; thus, it generates good results when dealing with auto-regressive processes in panel data. In fact, Bertrand et al. (2004, 274) state in their conclusion that "We also hope that our study will contribute in generating further work on alternative estimation methods … such as GLS or GMM estimation of dynamic panel data models". Accordingly, controlling for merger waves, invoking a dynamic panel data model, and employing GMMcollectively improve upon the efforts in the economics of crime literature by more properly addressing the issue of inter-connectedness over time.
Third, the potential endogeneity of conditional probability variables has been recognized early on in the literature. Ehrlich (1973) noted that the probability and severity of punishment are not necessarily exogenous as they are potentially determined by crime levels.
Given that investigations, remedies, prohibitions, court-wins and court-losses are likely to be a function of the number of mergers, our deterrence variables are also potentially endogenous.
Yet beyond simultaneity resides an additional source of potential endogeneity for the first deterrence variable -the detection-rate, or investigation-rate in our context -that is endemic to the crime-and-punishment literature. A number of scholars (e.g., Klein, Forst and Filatov 1978; Avio 1988; Donohue and Wolfers 2005) have recognized that the detection-rate (with the number of crimes in the denominator) is endogenous by design since the dependent variable includes the number of crimes in the numerator. In particular, this linked-variable construction can produce biased coefficient estimates in the presence of measurement error that lead to an artificial negative coefficient-estimate for the detection-rate variable. In order to deal with the above endogeneity concerns, scholars have begun to lag the deterrence variables (e.g., Katz et al. 2003) and use instrumental variable techniques (e.g., Dezhbakhsh et al. 2003; Donohue and Wolfers 2005) . Accordingly, it behooves us to both lag our deterrence variables and fully employ System GMM by instrumenting not only for clearly endogenous lagged dependent variables, but also for the potentially endogenous deterrence variables (as well as the mergerwave control variables).
Dataset
The data are panel in nature and consist of matching observations from two separate sources: Coate, Higgins and McChesney (1990) and Coate (2005) for studies based on non-public data from internal U.S. antitrust files. While more specific in nature, such data are both unobtainable for those not employed by the antitrust agencies and, moreover, not necessarily suitable for a deterrence study. Nevertheless, an early debate (Long, Schramm and Tollison, 1973; Siegfried, 1975; Preston and Connor, 1992) on the implications of disaggregated data for general antitrust policy finds broad industry aggregation to bias statistical results downward: i.e., makes it more-not less-difficult to detect causal patterns. Thus, our results would then represent a lower-bound in concerns of capturing deterrence effects. Furthermore, firms may also calculate their perceived probabilities of eliciting an antitrust action based on a broader level-of-analysis than the 2-digit level; i.e., based on divisional-level or nation-wide levels. Nevertheless, unreported tests that include divisional-level conditional probabilities along with two-digit level probabilities suggest the relevance of the two-digit level for this empirical context. Yet it remains an open question for future work as firms may calculate their conditional probabilities based on developments and experiences of their own, of the immediate industry, of related industries, of the economy as a whole, and/or a combination of the above.
horizontal and non-horizontal transactions -by industrial sector (hereafter respectively referred to as Horizontal, Non-Horizontal and Total Mergers). It is important to point out that horizontal mergers are defined as mergers where both the target and acquirer belong to the same four-digit SIC industry; therefore, the definition of a horizontal merger is more specific even though the data is aggregated to the two-digit level by U.S. authorities. 6 As previously noted, mergers in industrial sectors evolve in waves. Figure 1 -based on the eventual observations employed in the empirical estimations -charts the average number of Total Mergers per sector from 1989-1999 and illustrates the wave-like pattern in which mergers manifest; though it should be noted that our sample does not exhibit a complete wave: capturing the early-1990s trough (and a few pre-trough observation years) and the 1997/1998 peak (and a few post-peak observation years).
The wave-like nature of merger activity will be important when setting up our empirical specification; hence, the importance of our second data source. 6 Accordingly, non-horizontal mergers are where the acquirer belongs to a different 4-digit industry to that of the target firm. The antitrust authorities do note, however, that in a few instances 3-digit correspondence is used to define horizontal mergers. See Table 1 for an exact definition of all the variables we employ. 7 Thus, we went through the annual reports and assigned a two-digit SIC code to each noted merger case where a complaint or injunctive relief was filed in a U.S. district court by the FTC or DOJ, and gathered information on the outcome of the case (e.g., clearance, remedy or prohibition).
Furthermore, we were then able to compile this data into counts of the number of annual remedies and prohibitions applied in a particular two-digit industry.
In our empirical setting (where the Hart-Scott-Rodino merger review process operates), a premium is put on speedy resolution of the matter with either a negotiated settlement being found between the merging parties and the antitrust authority (a remedy) or a prohibition intent is announced and merging parties then abandon the merger transaction. 8 Accordingly, a prohibition in our empirical context reflects the intent of antitrust authorities, and not necessarily the ultimate outcome via the courts. Court cases and consequent verdicts come about when merging firms and the government cannot come to an agreement: such cases are thus subsequent to the initial action -or intent -of antitrust authorities. We were able to identify any verdicts in court cases regarding antitrust authority intent to prohibit -or seriously remedy -a merger proposal. 9 More specifically, we compiled this data into counts of verdicts confirming (a court-win) or countering (a court-loss) antitrust authority intent in a particular two-digit industry.
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Our main goal is to investigate whether different merger policy instruments have an impact on the composition of future merger activity. Following Stigler's (1966) seminal work and given that U.S. antitrust authorities almost exclusively target horizontal mergers, the relevant question in more precise terms is whether merger policy actions in targeted sectors lead to relative reductions in horizontal mergers in those particular sectors. Therefore, our main construct of interest is the annual number of horizontal mergers relative to the total number of mergers in an industrial sector (hereafter referred to as Relative-Horizontals).
For our main explanatory variables, we adapt the conditional probability approach from the crime-and-punishment literature to the context of U.S. merger policy. At the two-digit level, we construct five conditional probabilities (the five deterrence variables); first, the number of investigations over the number of horizontal mergers (Investigation-Rate); second, the number of antitrust actions over the number of investigations (Challenge-Rate); third, the number of prohibitions over the number of antitrust actions (Prohibition-Rate); fourth, the number of antitrust court-wins over the lagged number of prohibitions (Court-Win-Rate); fifth, the number of antitrust court-losses over the lagged number of prohibitions (Court-Loss-Rate).
Given the linked variable construction between Investigation-Rate -horizontal mergers in the denominator -and Relative-Horizontals, and given that antitrust activity undertaken is likely a function of the number of mergers, lagging the deterrence variables represents a sound first step in avoiding endogeneity. Accordingly, we lag the five conditional probabilities to mitigate simultaneity-based endogeneity concerns. More specifically, we follow Leary (2002) and Seldeslachts et al. (2009) by employing a lagged two-year average for our conditional probabilities. 11 The rationale behind employing a two-year average owes in part to the FTC considering its enforcement efforts to yield deterrence benefits for two years (Davies and Majumdar 2002 ). An additional advantage of this definition is that it de-sensitizes the deterrence variables to yearly variations (Leary 2002 ).
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We also constructed annual industry-level control variables over the period of study from Compustat's North America database -a database containing firm-specific information on about 22,000 publicly listed U.S. firms. Such controls are pivotal for our analysis, as finance economics scholars (e.g., Andrade and Stafford 2004; Harford 2005) have found industryfactors to be important drivers of merger waves. In keeping with this literature, we constructed annual measures of concentration, sales growth and cash flow for each two-digit industry; see Table 1 for an exact definition of all variables. Including these industry specific variables should further control -in addition to employing a dynamic panel data framework -for cyclical movements in mergers. Table 2 reports summary statistics -based on the observations employed in the empirical estimations -for the merger, deterrence and control variables. Log of the yearly number of horizontal mergers (+1 for zero) in a SIC-2 industry i. 'Horizontal' defined as target and acquirer from same industry at the SIC-4 level  SIC-2 industry i.
NON-HORIZONTALS t
Log of the yearly number of non-horizontal mergers (+1 for zero) in a SIC-2 industry i. 'Nonhorizontal' defined as acquirer coming from a different SIC4 industry than target's SIC-4 industry  SIC-2 industry i.
TOTAL-MERGERS t Log of the total yearly number of mergers (+1 for zero) in a SIC-2 industry i. 'Total-Mergers' defined as all mergers where targets belong to a SIC-4 industry  SIC-2 industry i.
RELATIVE-HORIZONTALS t
The yearly number of horizontal mergers as a percentage of the yearly number of total mergers in a SIC-2 industry i. 'Horizontal' defined as target and acquirer sharing same SIC-4 level industry  SIC-2 industry i. 'Total-Mergers' defined as all mergers where targets belong to a SIC-4 industry  SIC-2 industry i.
INVESTIGATION-RATE t
Two-year sum of FTC and DOJ second request investigations ('investig') over two-year sum of horizontal mergers in SIC-2 industry i,
Two-year sum of FTC and DOJ remedies ('remed') and prohibitions ('proh') that were filed through a U.S. district court over two-year sum of second request investigations ('investig') in SIC-2 industry i,
Two-year sum of FTC and DOJ prohibitions ('proh') over two-year sum of FTC and DOJ remedies ('remed') and prohibitions ('proh') -that were filed through a U.S. district court -in SIC-2 industry i,
COURT-WIN-RATE t Two-year sum of FTC and DOJ cases won in court ('win') over two-year sum of FTC and DOJ prohibitions ('proh'), lagged two years, in SIC-2 industry i,
Two-year sum of FTC and DOJ cases lost in court ('loss') over two-year sum of FTC and DOJ prohibitions ('proh'), lagged two years, in SIC-2 industry i, Before engaging in more formal analysis, of the 12 industries which exhibit prohibitions; the court-win-rate indicates a negative correlation with relative-horizontal merger activity in 6 of the 7 industries where antitrust officials win cases in court; and finally, the court-loss-rate indicates a positive correlation -per expectation -with relative-horizontal merger activity in 4 of the 7 industries where antitrust officials lose cases in court. Accordingly, these preliminary tests support the presence of deterrence effects for four merger policy instruments (investigations, challenges, prohibitions, and court-wins) and also support an inverse deterrence effect for court-losses: when antitrust officials lose in court. Yet in order to draw stronger causal inferences, we must move beyond these preliminary tests.
Estimation and Choice of Variables

Composition-Based Effects
As previously argued, any study of merger behavior should take into account that mergers manifest in wave-like patterns -this is also the case in our sample as it encompasses the merger wave of the late 1990s. Figure 2 illustrates that the cyclical pattern of merger activity is by-and-large driven by horizontal mergers; i.e., merger waves are composed of horizontal -not 13 The sixteen industries are those with at least 3 non-zero observations for our important challenge-rate variable.
non-horizontal -mergers. Thus, our main construct of interest, Relative-Horizontals, shows the beginning of a wave-like pattern. hence, current merger behavior is partly explained by past merger behavior. We also include year dummies to capture additional period-specific shocks. Further, given that merger waves can be partly explained by industry factors, we include relevant measures as indicated by Andrade and Stafford (2004) . The Andrade and Stafford set-up is most suited for our purposes, as they consider the factors driving industry-level patterns of merger intensity. In particular, their panel regressions find industry factors -such as concentration, sales growth and cash flow -to drive merger activity. 14 Accordingly, we construct annual two-digit level measures for HHI ('HHI'), sales growth ('Growth') and cash flow ('Cash'). In our empirical specification, 
where i indexes the two-digit SIC industries, t indexes time (year), and k allows for convenient 15 Regressions indicate that the model with two lagged dependent variables yields the best results in terms of ameliorating serial correlation. 16 This lagging of the denominator twice more than the numerator follows from the crime-and-punishment literature where they key on the fact that death sentences take 7 years on average to be commuted, hence the conditional probability of eliciting an execution is the number of capital punishments carried out in year t divided by the number of death sentences in year t-7 (see for example Dezhbakhsh et al. 2003 ). In our case, a contested prohibition takes two years on average to wind its way through the courts; hence, the t and t-1 measures for the numerator (court-wins or court-losses), and the t-2 and t-3 measures for the denominator (prohibitions).
Frequency-Based Effects
After analyzing the effects of the deterrence variables on the composition of proposed mergers, we can trace back how merger policy instruments potentially affect specific types of M&A behavior. In other words, if merger policy instruments have a deterrence effect on the composition of proposed mergers, it is possible that this composition-based effect owes to firms proposing fewer horizontal mergers and/or more non-horizontal mergers. As already noted, it is important to ensure that it is the deterrence of horizontals -and not the encouragement of non-horizontals -that resides behind any manifested deterrence effects.
Therefore, in a second step, we consider whether merger policy instruments have an impact on horizontal and non-horizontal mergers separately. In other words, we estimate the following Donohue and Wolfers (2005) point out that measuring deterrence requires the consideration of scaling issues; hence, we log-transform our merger frequency variables (Horizontal and NonHorizontal) to yield some additional estimation advantages. 17 First, log-transforming helps moderate -or cancel out -potential size differences between the different industries via the estimation of a log-linear regression model (recall that our conditional probabilities are not in logs). Second, log-transforming also addresses to some extent the count nature of the data on merger frequencies by making the variable constructs more continuous.
Estimation Strategy
For all three specifications, we employ the methodology of dynamic panel data models (see Bond 2002 for an overview), as we include autoregressive dynamics of the dependent variable (Relative-Horizontals, Horizontals or Non-Horizontals) on the right-hand side. The strong potential for correlation between the lagged dependent variable(s) and error terms implies that a least-squares or within-groups estimation would result in biased and inconsistent estimates.
Hence, we estimate our expression instrumenting for our lagged dependent variables using the System GMM estimator proposed by Arellano and Bover (1995) . Dynamic panel data methods are specially designed to properly control for wave-contexts: Bond (2002, 142) Arellano and Bond (1991) developed a GMM estimator that treats the model as a system of equations -one for each time period -where the predetermined and endogenous variables in first differences are instrumented with suitable lags of their own levels. A problem with the original Arellano-Bond estimator is that lagged levels are often poor instruments for first differences. Adding an equation in levels to be estimated with the equation in first differences (namely, estimating a system of equations) improves the performance of the estimator. Arellano and Bover (1995) described how -by adding the original equations in levels -additional moment conditions could be brought to bear to increase efficiency and reduce finite sample bias.
It behooves us then to employ Stata's procedure for System GMM in order to instrument for all potentially endogenous and predetermined variables. First, we treat the lagged dependent variables as endogenous (as the methodology of dynamic panel data prescribes). Second, recall that lagging the deterrence variables mitigates simultaneity-based endogeneity problems: the investigation-rate directly through its denominator containing horizontal mergers; and the investigation, challenge, prohibition, court-win and court-loss rates indirectly through these merger policy actions possibly being a subset of the number of notified mergers in a year. Yet, our lagged deterrence variables may be correlated with past merger notification shocks when an antitrust authority does not come to a decision in the same year as the merger notification.
Third, despite the lagging of our wave variables, they may still be predetermined as merger shocks can, for example, propagate slowly to sales and profits.
Accordingly, we use System GMM to instrument for the clearly endogenous lagged dependent variables, the potentially endogenous deterrence variables, and the potentially predetermined merger-wave variables. Two testable assumptions are required for the appropriateness and validity of these instruments in GMM estimation. First, in order to reach identification, the disturbances ε i,t must be serially uncorrelated. This is equivalent to having no second-order serial correlation in the first-differenced residuals, and can thus be directly tested in the first-differenced model. Second, the instruments must be uncorrelated with the firstdifferenced residuals, which can be tested using the Sargan test of over-identifying restrictions.
Beyond the standard use of all available information regarding absolute and firstdifferenced lagged values with System GMM, we are able to introduce additional exogenous constructs in order to augment our matrix of instruments. In particular, the industry deregulation shocks from Harford (2005) , the three Presidential administrations (Reagan, Bush-I, and Clinton), an estimate of the antitrust staff devoted to that industry in previous years 18 , year-dummies and a time-trend are all introduced as additional instruments. While employing the later two constructs as instruments is standard reasoning, the other additional instruments require a bit of explanation as to why we consider them to be valid instruments. First, industry 18 Industry deregulation shocks and the estimate of antitrust staff devoted to that industry in previous years are both constructs that vary over industries and years, while the other additional 'exogenous constructs' simply vary over years. Total U.S. antitrust staffing data derive from Kwoka (1999) and were given appropriate industry weights by the number of previous antitrust investigations in the particular two-digit industry. Hence, this construct approximates the relative number of staff (human-resources) previously dedicated to each particular industry sector.
deregulation can be considered to be exogenously applied by regulatory authorities; thus, deregulation may only indirectly influence merger activity via its influence on merger policy actions. For instance, Carlton and Picker (2006, 22) suggest the interconnection between regulation and antitrust policy when they state that "Recent history highlights a move away from regulation towards antitrust as a means to control competition and reveals how regulation and antitrust can be both substitutes and, in some settings, complements". Second, Presidential administrations have traditionally had a significant influence on the tenor of antitrust policy;
further, firms find it difficult to anticipate such changes to merger policy -i.e., they represent politically-driven exogenous shocks to merger policy. 19 Third, previous levels of human resources dedicated by U.S. antitrust authorities to particular industries should be an additional
-and more precise -indicator of the importance (and familiarity) administrators give to merger policy in a given industrial sector.
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A downside of the proposed GMM methodology is that -although the number of valid moment conditions increases with the number of periods and these improve efficiency -the system GMM estimator can use too many moment conditions with respect to the number of available observations. Put simply, too many instruments may lead to over-fitting the 19 For example, significant differences in our deterrence variables manifest when you consider variation across the Presidential administrations (Reagan, Bush-I, and Clinton) in our sample. This variation suggests that the conditional probabilities are exogenously determined by shocks from Presidential politics. : "The Obama administration signaled yesterday that it would take an aggressive stand against companies that engage in anti-competitive behavior, reversing looser policies of the past eight years that critics called friendly toward big firms"; and "During the Bush administration, nearly every high-tech and telecommunications merger before the antitrust division at the Justice Department was approved". 20 We find support for this reasoning when conducting some simple diagnostics. First, we estimate some 'firststage' fixed-effects panel regressions and find support for a relationship between the additional instruments and the deterrence variables: deregulation shocks significantly impact challenge-rate; Presidential administrations significantly impact prohibition-rate, and antitrust staffing by industry significantly impacts both the investigation and challenge rates. Second, we also find evidence that these instruments improve the orthogonality conditions between the independent variables and the error terms. Using the GMM methodology on our standard regression specifications (relative-horizontals, horizontals and non-horizontals), we compare the Sargan tests for regression equations with and without the additional instruments. For all three specifications, the Sargan tests improve with the additional instruments; thus, indicating that these additional instruments do indeed influence merger activity only indirectly via the deterrence variables. Hence, we are confident that including these additional instruments adds value to our matrix of instruments. Though it is important to underscore that the results do not substantially change when we simply employ the GMM estimation technique without additional instruments.
instrumented variables and bias results when GMM is employed on all of the right-hand-side variables. Thus, as a robustness check, we estimate our regression equation while treating the merger-wave variables as exogenous and instrumenting only for the lagged dependent and deterrence variables. By doing so, we can keep the number of instruments relatively low and mitigate the over-fitting bias. Still, it could be that the efficiency gains from system GMM are relatively small. Therefore -keeping in mind that fixed-effects estimations potentially suffer from correlation between the (transformed) lagged dependent variables and the (transformed) error term -we also report fixed effects results with standard errors clustered at the industry level. Clustering the standard errors mitigates to some extent remaining serial correlation in the merger series, and has the added advantage that it is the currently preferred practice in the crime-and-punishment deterrence literature. Although invoking GMM seems better suited to deal with a wave-like phenomenon such as mergers, the fixed effects estimation serves as a robustness check and allows us to make the link with the bulk of the deterrence literature.
Finally, as an additional robustness check, we also employ Tobit fixed effects panel data estimation. 21 Given that we deal with the annual number of horizontal mergers in a particular two-digit industry, it is possible that our dependent variable shows a truncated distribution, i.e.
our merger variable may be left-censored at zero. Although only about 10% of the observations of our dependent variable are actually zero, we nevertheless report results for the Tobit panel estimation. This estimation also has the added advantage that it can be more directly compared to Andrade and Stafford's (2004) contribution: where they report a Tobit panel estimation for horizontal mergers that we can build upon by including deterrence variables in addition to their industry drivers of merger waves.
22 21 To be exact, we use an unconditional fixed-effects Tobit model with clustered standard errors. As with the normal fixed effects estimator in our model, it must be kept in mind that unconditional fixed-effects coefficient estimates may be biased due to the untreated endogeneity in the lagged dependent variables. In theory, these models may further yield biased estimates due to the incidental parameter problem, but Greene (2004a Greene ( , 2004b shows that this is not the case in practice for panels longer than five periods, as is ours. 22 Their industries include more 'zero' observations as they employ a different industry definition.
Our main empirical results for each of our three empirical set-ups -the ratio of horizontal to total mergers (specification 1), the number of horizontal mergers (specification 2) and the number of non-horizontal mergers (specification 3) -consist of four regressions that attempt to take the above issues into account. To be exact, each specification involves four regression estimations that all involve fixed period-specific effects to deal with common time-trends, robust variance matrix estimators to deal with potential heteroskedasticity, and clustered standard errors on the panel when the GMM procedure is not invoked. Regression #1 reports the results of the fixed effects procedure. Regression #2 reports the results of the Tobit fixed effects procedure. Regression #3 reports the results where only the autoregressive and deterrence variables are instrumented for with System GMM. Regression #4 reports the results where -in addition to the autoregressive and deterrence variables -the merger-wave variables are also instrumented for with System GMM. Table 4 reports the estimation results for the four regressions in the first specification: where the composition of merger activity (Relative-Horizontals) is the dependent variable. Before discussing the constructs of primary interest, we comment on the adequateness of the model.
Empirical Results
First, the Sargan test of over-identifying restrictions yields evidence in both GMM estimations (regressions' #3 & #4) that one cannot reject the hypothesis of no correlation between instruments and error terms. Second, the null hypothesis of no second order autocorrelation on the error differences also cannot be rejected, suggesting that serial correlation does not exist in error levels (the smallest of both estimations reports Pr>z=0.67). Third, the R-squared term in Regression #1 is 0.39. Accordingly, the regression model passes the necessary diagnostics and appears to be well-specified. We comment now on the control variables.
The two lagged dependent variables for Relative-Horizontals seem to be relevant. The first lagged dependent variable is positive and highly significant in all four estimations. The second lagged dependent variable is positive -although only significant for the two GMM
estimations -yet its inclusion is appropriate as the test for serial correlation in the error term performs better when including the second lag. however, yields mixed results concerning sign and is moreover never significant.
We can now look at the results for the variables of primary interest: the relationship between the deterrence variables and the composition of future M&A activity. First, the probability that a proposed merger is investigated (Investigation-Rate) has a statistically significant and negative impact on the ratio of future horizontal mergers in one of the four regression equations. Second, the conditional probability of applying an antitrust action once investigated (Challenge-Rate) has a statistically significant and negative impact on the ratio of future horizontal mergers in all four regression equations. Third, the conditional probability of applying prohibitions (Prohibition-Rate) is insignificant in all four regression equations.
Fourth, the conditional probability of antitrust winning a court-case (court-win-rate) is insignificant in all four regression equations. Fifth, the conditional probability of antitrust losing a court-case (court-loss-rate) is positive but insignificant in all four regression equations.
The strong and consistent impact of the Challenge variable suggests that spikes in the relative use of antitrust actions send a clear signal of toughness by antitrust authorities that is internalized by firms, as it significantly reduces the relative number of horizontal mergers in subsequent years. For instance, if one were to take the coefficient estimate for challenge-rate from regression 4 (-0.133) and consider the impact of a one-standard deviation increase in the challenge-rate (while benchmarking the number of horizontal and non-horizontal mergers at their respective sample means of 25.66 and 12.28); then, horizontal merger activity per sector would drop by a little over four mergers (from 25.66 to 21.40) on average due to the increased challenge-rate. 24 Or put in terms of relative horizontal mergers, horizontal transactions would go from 67.6% to 63.5% of the merger activity in a sector. NOTE.-The dependent variable is the relative number of horizontal over total notified mergers. All four estimations involve fixed period-specific effects (year dummies) and 607 observations. The standard errors are in brackets and are robust throughout, while Regressions' 1 & 2 also involve clustering on the panel. Furthermore, *** = 1%, ** = 5%, and * = 10% Significance.
A short review of the non-significant findings is also in order. First, the probability of eliciting investigations yields a negative impact on the proclivity of firms to engage in future horizontal mergers, yet this impact is far less robust (significant only in Regression 1-the fixed effects specification) than the Challenge-Rate variable. It is also worth noting that the use of more severe antitrust actions -i.e., employing more prohibitions with respect to remediesdoes not appear to involve robust deterrence in that prohibitions do not appear to yield significantly more deterrence than do remedies (i.e., challenges in general). Lastly, the acrossthe-board insignificance of court-win-rate and court-loss-rate suggest that court decisions do not yield substantial impact on future relative-horizontal merger activity. With regard to the insignificance of the prohibition-rate, court-win-rate and court-loss-rate, it should be noted that prohibitions and court-cases are much rarer events as compared to investigations and remedies, thus the insignificance of these variables may be due to the lack of sufficient observations. In order to ensure that the deterrence effects elicited above are reflective of reduced horizontal merger activity and not increased non-horizontal merger activity (since both changes could be behind relatively fewer horizontal mergers), we investigate the underlying merger patterns to respectively consider the impact of the deterrence variables on the absolute number of horizontal and non-horizontal mergers. In other words, we now attempt to factor the underlying frequency-based deterrence effects in order to ensure that we are correctly interpreting composition-based deterrence effects. We do so simply by employing the same specification as before with the exception of respectively replacing relative-horizontals with the number of horizontal (Table 5 ) and non-horizontal (Table 6 ) mergers. NOTE.-The dependent variable is the relative number of horizontal over total notified mergers. All four estimations involve fixed period-specific effects (year dummies) and 607 observations. The standard errors are in brackets and are robust throughout, while Regressions' 1 & 2 also involve clustering on the panel. Furthermore, *** = 1%, ** = 5%, and * = 10% Significance. NOTE.-The dependent variable is the relative number of horizontal over total notified mergers. All four estimations involve fixed period-specific effects (year dummies) and 607 observations. The standard errors are in brackets and are robust throughout, while Regressions' 1 & 2 also involve clustering on the panel. Furthermore, *** = 1%, ** = 5%, and * = 10% Significance.
Both the horizontal and non-horizontal models seem to be well specified, and the two lagged dependent variables are again empirically relevant. 25 In terms of control variables in the 'horizontal' mergers specification, the merger-wave variables of Growth (positive) and HHI (negative) generally indicate more robust coefficient estimates as compared to our main estimations on relative-horizontals. In the 'non-horizontal' mergers specification, the merger- We can now consider the results for our primary variables of interest: the five deterrence variables. First, the coefficient estimates for Investigation-Rate are insignificant for all of the regression equations concerning the absolute number of horizontal and non-horizontal mergers. While the insignificant results for non-horizontal mergers is comforting, the insignificant results for horizontal mergers diminishes even further any confidence in the weak initial findings concerning the impact of investigations on Relative-Horizontals. Second, the conditional probability of applying an antitrust action (Challenge-Rate) has a robust negative impact on horizontal mergers, and seems to have no significant impact on non-horizontal mergers. This result underscores the robustness of the Challenge-Rate variable, as increasing the conditional probability that investigations actually lead to antitrust actions appears to significantly reduce the number of horizontal mergers in both relative (Table 4 ) and absolute (Table 5) terms, while not affecting the number of non-horizontal mergers (Table 6 ). Third, the prohibition-rate is insignificant -as it was with relative-horizontal merger activity -in both the 'horizontal' and 'non-horizontal' merger specifications. Fourth, the court-win-rate is insignificant -as it was with relative-horizontal merger activity -in both the 'horizontal' and 'non-horizontal' merger specifications. Fifth, the loss-rate is insignificant in the non-horizontal merger equations (Table 6 ), but significant (and positive) in the two GMM estimations for the 'horizontal' mergers specification (Table 5) . Thus, these results yield some tentative support for the idea that DOJ/FTC court-losses lead to more horizontal mergers in subsequent years.
The consistent insignificance of all five deterrence variables on the non-horizontal merger equations is notable as it conforms to the received wisdom that U.S. antitrust authorities are generally unconcerned about non-horizontal transactions; thus, the proclivity of firms to engage in non-horizontal merger activity does not appear to be a function of merger policy tendencies.
With the above in mind, we can summarize the results for the five deterrence variables with respect to 'relative-horizontal' and 'horizontal' merger activity in subsequent years. First, the probability of investigating mergers (Investigation-Rate) indicates a statistically-weak negative impact on the future ratio of horizontal to total mergers; yet, this negative relationship cannot be traced back when dismantling this composition-based deterrence effect into horizontal and non-horizontal mergers. Second, the conditional probability of applying an antitrust action given an investigation (Challenge-Rate) has a robust negative impact on the future ratio of horizontal to total mergers-a deterrence effect that can be traced back to having a stronger negative impact on future horizontal mergers and having no significant impact on non-horizontal mergers. The conditional probability of applying relatively more prohibitions
given that an antitrust action is employed (Prohibition-Rate) does not robustly impact both the relative and absolute number of proposed horizontal mergers. The conditional probability of antitrust authorities eliciting a court-win (court-win-rate) has neither a robust impact on 'relative horizontal' nor 'horizontal' merger activity. The conditional probability of antitrust authorities eliciting a court-loss (court-loss-rate) has a statistically weak positive impact on 'horizontal' mergers, but no impact on 'relative-horizontal' mergers.
Conclusion
The deterrence effect of merger policy is a topic of significant importance, but has generally gone under-studied by law and economics researchers. We attempt to address this deficiency by employing the established methodological approach from the crime-and-punishment literature and adapting it to a merger-policy setting. In particular, we investigate whether the future composition of proposed merger activity is deterred by the conditional probabilities of investigations (the number of second request investigations relative to proposed horizontal mergers), challenges (the number of antitrust actions -prohibitions and remedies -relative to the number of investigations), prohibitions (the number of prohibitions relative to the total number of antitrust actions), court-wins (the number antitrust-authority favoring verdicts relative to the number of lagged prohibitions), and court-losses (the number of antitrustauthority countering verdicts relative to the number of lagged prohibitions). Accordingly, we bring empirical evidence to bear on this issue by building a cross-industry data set spanning the 1986-1999 period that is composed of measures for U.S. M&A activity, for U.S. merger policy, and for industry control variables capturing merger-wave drivers. Our data are sufficiently rich and detailed to allow consideration of whether changes in the relevant conditional probabilities for merger policy enforcement impact both the composition of future merger notifications (the relative number of horizontal mergers) and the frequency of future merger notifications (the absolute number horizontal and non-horizontal mergers).
With regards to the composition of future mergers, we find the conditional probability of eliciting an antitrust action (Challenge-Rate) by U.S. antitrust authorities to have a robust negative impact on the relative number of horizontal mergers in subsequent years. We also find some weak evidence suggesting that the probability of eliciting an investigation (InvestigationRate) might also deter future 'relative-horizontal' mergers. However, the conditional probability of eliciting a prohibition with respect to an antitrust action (Prohibition-Rate) does not appear to entail significant composition-based deterrence effects. It should be clarified, however, that the lack of statistical significance for the prohibition-rate variable does not mean that prohibitions do not entail deterrence -they do -but only that their deterrence is not statistically different than that of remedies. The conditional probabilities of antitrust authorities eliciting a court win (court-win-rate) or a court loss (court-loss-rate) also indicate a lack of statistical significance when it comes to 'relative-horizontal' merger activity.
With regards to the frequency of future mergers, we find the conditional probability of eliciting an antitrust action (Challenge-Rate) by U.S. antitrust authorities to also have a robust negative impact on the absolute number of horizontal mergers in subsequent years.
Accordingly, the robustness of the Challenge variable is confirmed in the frequency-based regression specifications. Furthermore, we find some evidence that the conditional probability of antitrust authorities eliciting an unfavorable ruling (court-loss-rate) leads to greater levels of absolute 'horizontal' merger activity in subsequent years. Yet, the probability of eliciting an investigation (Investigation-Rate) -as well as the conditional probability of eliciting a prohibition (Prohibition-Rate) and the conditional probability of antitrust authorities eliciting a favorable ruling (court-win-rate) -do not significantly impact the absolute number of 'horizontal' mergers in subsequent years. It is the investigation-rate's lack of significance that is most relevant, as the weak effect of investigations on 'relative-horizontal' merger activity is cast in greater doubt when one realizes that investigations have no significant impact on absolute 'horizontal' merger activity.
Our empirical results indicate that the composition of horizontal merger activity is to some extent negatively influenced by past antitrust investigations, but is even more influenced by the application of past antitrust actions. Our ability to show that the conditional probability of eliciting an antitrust action (Challenge) deters future horizontal merger activity both in relative and absolute terms suggests that the application of antitrust actions involves a robust deterrence effect. Thus, implying that higher antitrust activity in a particular industry sector reduces the number of 'potential' anti-competitive mergers in that sector -when making the reasonable assumption that anti-competitive mergers are a subset of horizontal mergers.
Accordingly, we tend to agree with the FTC when it notes that its merger challenges yield additional benefits in "demonstrating to the business and legal communities that the agency can and will successfully take legal action to block anticompetitive transactions. This deterrent effect prevents many anticompetitive mergers and acquisitions from ever being proposed" (in Nelson and Sun 2001, 940) .
Furthermore, our empirical results suggest that while both prohibitions and remedies involve deterrence, there is no significant difference between the two antitrust actions with respect to deterrence; i.e., prohibitions do not involve significantly more deterrence than do remedies. Such findings are comforting when one recognizes that over the last fifteen years there has been an increasing tendency in the U.S. to employ remedies as a substitute for prohibitions in the case of anti-competitive mergers. The equivalence between remedies and prohibitions suggests then that the proclivity to increasingly employ remedies as an instrument for U.S. merger policy has not come at the expense of diminished deterrence.
The empirical findings here concerning merger policy deterrence can also be linked back to the general results in the empirical literature concerning crime-and-punishment deterrence. We find that eliciting some type of punishment from the antitrust authority involves a deterrence effect, yet the severity of this punishment (prohibitions versus remedies) does not appear to enhance deterrence. This result conforms to Mathur's (1978) investigation of deterrence, as he found the probability of punishment (versus the severity of punishment) to be a far greater deterrent to overall criminal activity. Moreover, Becker (1968, 176) notes that "a common generalization … is that a change in the probability [of conviction] has a greater effect on the number of offenses than a change in the punishment". Accordingly, our results concerning merger policy deterrence appear to conform with some of the previous findings in the economics of crime literature.
The general insignificance of the court-win-rate and court-loss-rate variables (the conditional probabilities of US antitrust winning and losing in court) with regard to future merger activity is also a point worth elaborating upon. In particular, our results suggest that it is more the intentions (intended actions in the form of challenges) of antitrust authorities -and less the validation or repudiation of these actions by the courts -which is integral to deterrence. That said, we should caution that our data set involves far more observations of investigations, remedies and prohibitions than it does of court-case verdicts via the appeals process.
Lastly, given that there does not seem to be a shift towards non-horizontal mergers in the same sector (i.e., the deterrence variables do not encourage acquisitions of target firms by firms from outside the focal industry), it would be interesting to further investigate the impact of heightened antitrust scrutiny. For instance, the application of merger policy instruments in one particular sector could lead to merger activity moving toward other less-scrutinized sectors, or could diminish merger activity in the economy as a whole. We leave this for future work.
